Appl. No.: 10/004,816 
Doc. No. ATI 



<19)H*H#fTJ? (JP) (12) ^ ^ 4# 1^ i& ^ (A) ODttSfttlH&WS^ 

*&H¥8 - 58088 

(43)4*WB ¥fi£8^(1996)3J§5B 



(51)IntCl.* 




FI 




B 4 1 J 2/045 








2/055 








2/16 












B 4 1 J 


3/ 04 1 0 3 A 








10 3 H 








mast a*©©»3 ol i± i w> 




ftWm -201087 


(71)mKA 


000002369 










(22) aim b 


¥l£6^(1994) 8 S25B 




jneoHKiiBBMr 2 tb 4 § 1 ^ 








ww i| wit 






















(74)ft3BA 




©4) imxozm 









c^fiS] rmg 1 0 4 iBEmjg 1 0 5©rsg tc. 

4 4aW/cjfif*«»-^ ^ F. 




(2) 

1 

is. Rvi.fm&Kiis.zKm&i-z&iiSu. i-fibs^. 
-cbrd. miz&i§m**mmLmmfcztciy*&®m<D 

jN-^v k«:*j<,>-c. 10 

suiBTmsj:Si5«:. mmzsmutc. 

tc* $ >m * z z-£i&m<omfrz z o 
o A«Ti Wcci «r«®i-r z>m-*m i iBit©«#ifi 

J^ofeAtttc J: *) Iff/*;* tvr c >s c t t r h n 

[000 1 ] 

[mm±.(omm^m ] *krix> &(*@hibsi£Sek:&? 
[0002] «#ws*tafi3£ai*. sXtV. 

ft. ■Z<DmgksXil>i>>i?JZsi?m* i m9t2tl. Cft(C«fc 
[0003] 

Ttt. J? + /ti-XV :/T:/9-f F7^i?> 

*X;>- hi. 1 9 9 3^. f&3 2#. 9 B#. 4 1 4 
4-4 1 4 6M(C0fiS©l&^*2.. 40 
[0 00 4] *J + )*---XV + --)->\>*-3T-7 ; 7-< 
4V>v!fX* A-H, 1 9 93*£. SI3 2#. 9B 

4 14 4-4 1 4 6M«C3fK<D^SC*J^rti. m 
&Skm%m&±K.. umittm®. i>>$*M5 0 0 
A. *£>JI500A. e£H2 0 00A4SBU 3 
6,«C^I/y^rH*2 3 0 0 AgfitC^LfcPZ T 
(^^VK^a^KIS) SIIS*s5i7n3n-ri,>S. PZ 

[0005] 50 



nm^a -5808 8 

2 

&imicj:zmimm~"; ¥<omi$,wimicin,>x\*. &l 
[0006] *j>+rt=--xv"t —rn,*-j7-f*7-< 

-ri^**. ><-Y 1. 1 9 9 3¥. 183 2#. 9B 
4 14 4-41 4 6M«c3r4£<Da&34:tC*jV»T{*. # 

^as^sfehtc. -mmm®. *>*.>wa5oo 

A. ?$>i500A, a^®2 0 0 0A<tSI!L. 3 

IS) »^gg^sn-ct,^ 0 Hf£. #fSBJ!##S i o, 

>^ffirPZT«rl /imJBRKU. -^©^9 0 O'CSS^ 
gtPZTiCDratCiW^n^i;. B^iPZTt©f 

[0007] *mwii±szmtt£ffi<Dmm&icmfrr:rj: 

1 c t (c j: o . nsmm&fr-ins&m * s ©ratjafis^ v 

[0 00 8] 

[tSjS£8S&Tr&to&©#ja] ^Bj©«tfl:iS|t^ v K 
tt. ^r^t«#£M$r*/c*©^#^Ji££ftfc 

«j. ItifBJSKiKitc^fiSS+i/cTmg. BE«m Rtfi 

*$i>r. iu i BT isfiiLkoWc . mmz&mufc. *&>m 

[0009] */c. B5iBTm®±SPCcaw/c. W&tt 

2 o o A«T<t Ctcc iJ&^ai-r*. 

[ooi o] s/c. i$iaE®S(cfcws»s B ^iffifisa4. - 

[00 1 1 ] 

[0012] (,mmm 1 ) ia 1 ti*#6aj©siiswi«:*sw 
ztittmmm 103. 1 0 3±icmj8.2tiitma 

t^Ltc*'-/ ZH>m 2 0 3. RCTF^ffi 104. fftiB 

rmsi 0 4±5BK:^fiX3nfc^^wr-5^*»a 

2 0 4. ESil 0 5. ±®ffil 0 6«:j:-5.ffim^^ 
^BKSn/c»l©«fil0 1 4. »ifl*»10 8»S)5 
SfafcS82©gffil 0 7=fe«^L/rfiS2»»fiK4^->-Cl» 
109ttIl(DlS10 1iS2®Sfil0 74« 



3 

02tsXA,\ 0 9«. ffl— ©fvfCSijntU 
[0013] C©fS(*iaSt^ » K<D«)fP€rffl#fCgSi^-r 

&<t. rm« i o 4 t±m& i o sw&vznKiwtfa 

U T«Sl 0 4. EE^Kl 0 5. ±mgl 0 6i:Dft 
£Ef§3^ St«SIIilffi 1 0 3 £g3&3-t±. M102 
<DtMa*«4>3t!\ jg^l 0 2^(C?t?SL/-CI,»S-r>5' 
SrflH&fcKl 0 8M¥OttiU xX;H 0 9«tO-<>5' 

0 2 ©K^ftS;* L = 1 0 0 u m. ^©H1t**I°JS 
SW= 1 5mm. T^ffil 0 4 ©^>J^|njS S L 1 = 1 
18um. •f©g?fSW)fi3Wl = 17mm, Efi® 

1 0 5©E5>J^|Sjg5 Lp = 8 8 <zm. -e©Htf*^(S] 
gSWp=16mm, ±^6 1 0 6©6ffi?>J:£l°JS$ Lu 
= 8 2ym. -&©a?T#^rtfilS*Wu= 1 5. 8mmi 
Uc. jfcifrfiSSgl 0 8©»tltt4 0 wmftil 
/c. . 

[0014] WT. $3itXgCCfieo-C^^<DSt^*St 
[00151B2 (a), (b). ( c ) «. ^19© 

£tkwc*t*'&. i& i ©s« i o i icsmm^-Rvrnm 
[ooi6ii^fi (no (omm&mmK.j:z>mi 

©SSI 0 1*1 2 0 0-C-C&8HbL/. S« 10 1OM 
ffitCHtf t&*JI 2 0 1 5 0 0 0 AjgJirr S. -e b 
r. MlOl ©J*-Ha>6*93fS£ 1 0 0 0 -c-cwutM 

mm2o i©TSPKi£St3-tf, ^esa^ec j: shafts 

1 0 3£&ffcrZ>. Slttifi 1 0 3©I*IJ 1 urn. *>> 
^©iSKttl 0"cm-» (^©MflS^lcm'* 
rc0 10'°<i) il/fc. Htc, g«l 0 l©WffitC7* 

©a®{Ci8PS|5«ra;W. BMbS3IJ12 0 1 *&MtMl 
T>*-VJ»<D7mm-Cri$-->ifls. HPS&2 0 2 
^fifT*. C©B$P§PS&2 0 2©gttT*:frA. ft£t> 

[00 17] 

< 1 1 2 > 

[00 18] Sfctt 

[0019] 

t*2] 

< 1 1 2 > 

[0020] -ftfttisx*s<. 7* v hzmmu 
ats i o i ©nsMg i o 3i«c. 

*^Ju\>®. 2.0 3 . T^S 10 4. KJRSr^irL.fc** 



(3) ^^8 - 5 8 0 8 8 

A 

>H2 0 4. Kmmi 0 5tmmc. 02 u> cc^-r 

20 l±«:^Jlif>$Jl/*6 0 0 A. ^tCTSS-iIL4 

*>£5oa. se>tce^*2 0 00 A. ^.©igptc^ 

£^-*-5-0-A i^»*'J> yft-c 3 SJBRS L . Mfcffi 
tllgl 0 5*J1*3 AimtC. ifflfiKPb..., S r,.„Zr 
i.iiTi,.„Mg,. 11 ,Nb,.,„O i (90mo 1%) 

+Pbo (iomoi%) -c*sn5«as»^-yv h 

9 Z V > *rffflK£fT «. ». ®!5ft#HSi# 6 5 0 *C 1 ^ffl + 
9 0 0*Cl^faT--;U*m>. HHtC^riHteStf 
WcS^WI2 0 3. TSS104. BBRfc^WOfc 
^*>J!2 0 4. E.mmi 0 5£ft5fiXU?c. 
#B&4> 6 5 0 *C 1 B$H+ 9 0 0 "C 1 Wm07~-*"* 
frofc«. TflSffil 0 4©±SP(Cffi^l 0 5*sgSU 

112 0 4 *q¥SETS C t S htc. 
20 [0 0 2 1] *br v EE«M1 0 5**->H«3WifK. . 
Tmffil 0 4*3E**^jffi-CAir-^.>i/l / , ®{C±m 
®1 0 6 U>^-C^^>Srll*5 0 .A. £ 

£/P#2000 A<fc. C©J©fCff$jj£U 3 92R£ 3Vit 
tJ , )V^OA3&WX><&-~>>fV. 02 (b) fc^-r 

[0022] ■£©&. Rglg2 0 5£.®*14*<J -f 5 F 
r/l*2 /xmCC^fiKO. S^L&l^@HX»)tliUgp©« 
eat«SftCCJ:QB(*}Htft. 4 0 0*Cr&$!iS*tf5. 

3RH2 0 l©ggpgB2 0 2*>?,mie B ^gl^Sffil 0 1© 
S^14x ? ?>y^fC». iSMl 0 2?r?Bfi)cTi. C© 

^mies^ss i o i ©ffi^fit*! (iio)t*o. 

M(Cg§PSP2 0 2<OJKff»^n4«t 
[0023] 
W3] 

< 1 1 2> 

[0 02 4] Jfc/ctt 
40 [0025] 
■W4] 

< 1 1 2> 

[0 02 6] *|6]-C*S7!pe>. «^10 2©Htf^^J 
©Ja«r0«-ri«S©Bi4 (111) Iinci*t? 

© ( 1 1 0) Wt ( 1 1 1 ) I©i??>i'^ h©tb 
«3 00 : lgg&fcD. 3 0 0 A«m©ai3©SI=£-^-i r 

50 Wimi0 21)W&.2tiZ,. Sffil 0 i*m&m 



(4) 



&m¥-8 - 5 8 0 8 8 



fs&L. 12 (c) ic^rwmmtrjii,. 

[0027)031*. tttm<D2£ttffllCtSl-t ffltfla® 

titcm i ©sts i o i tmrnvm i o 8 mm®, 

SttfcJS2©g«l 0 7 4«^U -/XJH0 9i«(* 
agA?L3 0 4*5J&£3ftS. iffi#33A?L3 0 4ffll?rS« 
3 0 1-CH*. ffitt^3 0 3*i^eKSnS„ C©?»£M 
3 0 SMZn&frhfeti&W&ZtxZ&'jK.tt-iX^Z 
(H^-tf-T) . St* 3 0 1 \*mgiWB.3 0 2 fcKOttW 



ES10 7H. -P'^x^-yi? fcttttiJ&ffJ 
?BH*d5E38 1 0 8 <h— ^^filcLfc. £©* 



5ViUci*. yX;t/*<E>5mmfKftfc^#t^DiKf* 
iftHii&tJl 7m/s e ct*ot 

[0028] ±%&zfom<Dm#mm^ •? ptc*t»-c. t 

6 5 0 "C 1 B$Rfl+ 9 0 0 *C 1 nm(OT~-)VfC^y 

mm. Miti, jtsm^sgs&gj <sem> «:«* 

[0029] 

[3U ] 



Tig* (A) 




0 


PZT£T1IiSfflcD£!ra 


50 




100 


» 


200 





30 



[0030] U±.0>&mc «fc 0 . 1 0 4 JbtciSsB 20 

jgi 0 5iTin 0 4fs©fjHfcW6j±u mmmm. 

*8c < .ft r> fc C. £ tfito&Z. £ te; >6m»ifi 
2 0 0A©^, PZTTSIKc£jB**£i;Tl»*** > C 
fttt. jUHJfCCPZT 1 0 5<P©lMtl8£&5il£^ 

><&Bt3R#fflai«P 65O'Cm0+9OO-Cl ^©7 

--^ifofc»^. ^©^t*y^-JMiu©te*l&<t 

ft £, C i 35«*^I8«© S E M&miC Jz 0 Sgp S ftT l> -S 
fctf). K^^WTS^4»»a2 0 4©Jit*£LT«2 
0 0 AJ&IT-C* * c t wm$. 0 1>. 
[0 03 1 ] C©. B0R4£*rr£**»B2 0 4« v 

[0032] VL±<Dmmmicw£2inz>c t ft < . 

BBtt-£©±g£j&^L,ftl,>$SB^jE< 3Sffl*J-5J^-C* 
t>Utf. S4{c^-TJ; J 5ft^ffi. K®«^©**iS 40 

[0033104 (a). ( b ) «. *^©HJiCf!l«: 

hits, hi 2 ©sen O7(cyx^0fiso/c«*ws* 

0 8£Jf5fi&L/fc3r2©gSU 0 7«C. /X;l/40 1*» 
BEL. SlOSRl0 1iS^U/i:M4«tn>n>5. 

•J J&jfcrti 

[0034] C©«fc^^fig£-ric«b{C<i:»). 134 

( a ) tCTjVf J; 5 tcjKlI 1 0 2 £^ jSMftcESL . ^iP 50 



t>/XA4 0 1 *-tt^_h{CKS-T-5.C<!:*lpIfig<b^ 
-S. S£oT. SX)VA0 \ omWV ~j 02© 
ffi?"Je* ^©*^<bTSC £#S-C#. 1 0 0 

umt L7t*§^5\ ^ X;V£ 4 0 0 D P I SS©S@[-CK 
S-rSCi^pItigiftS. -r%t>^. -/X^©jgftSiB5 
S^b*ipl#fe£ft.5. 

[0035]* fclSJUK. #£S9J©«fln®!tt-N. y F©«t 

^S^frnfe-tieilifetfl*© ©k:kss nz> fe©r 

ttftt,>. m«. Elil 0 5 <DB&ZZ 6 K^:#<-r 
•5Ct«>pJ66-C«>SL. *ft-e©#£t«>!ff?&l&J£©PZ 
T{ClE5£S i h,^C<tft<. ffl^SJt^. ^»©aii*^ 

«,>rstC^iir^^^^-&*>^i'»2 o 3€{t 
^mtB^s (cvd) js«». mm*-y ? vim^tc 

X^sr3ry>y^rt»#ft»)^fi)EUT $6(C-€- 
©@*Kffiffiifc©I&{fc!8). mif 2^b^>*Mi3?4 

[003 6] */c. Tm@l 0 4±«-^*^W^-59 : 
^>@2 0 4*S9:W5C<!:{CJ:'). ^^#8^*650 

•ci^H+9oo-ci^raT--^{c*jwa. -bias 

BS«C«fc4PZT«:J:4EEmSl 0 5©Kffl«Stt. SE\ 
MtS^iCttitf. -S*««©e^e«:«tr)«fiE3nr J 
Wc. 05 (a) tCTmffil 0 4±CCK^^^WT6^ 

$»>jf 2 o 4*isuift.Hmmi o 5©w®«tj*©^a 

5r^^-. EE^SIg 10 5U. -«ft^©feS&5 0 1 tC 



(5) 

7 

£*tr£**>Ji2 0 4*Jfti.»JB£©EEtSlgl 0 5 ©Br 

mmmvMxmk*. 05 (b) tc^snsistc. 

m 1 0 4 i©l?MA>6 5 0 0 0 Afi^LSTflEtfcOJgJl, 
&5 0 2jWBj£S*i. -e©±gP{C^(D^«L5 0 1 # 
£&8<vCl>fc. *4>BE*£»£ttd„i*. *&g**l 5 
OpC/N-C*ote©tcSPtL. igB170 P C/N£ 

te. fif-^T, &8S«r^tr*^*>J12 0 4£s9:W£C 

<t tc «t o . EEmjg i o 5 ommvu&ii-mttm&otsii, 

&K:«fc9i8/&i*ft£<fc5K:ft*K C<Otcit>i)\ Ell* 10 

[0037) (10604 2 ) 06 tt. *^Bj©^Jt0dKte 
Ffcfctt*. ffUSS^, Lfcl&KoK 

E0r*-5. iaj0fc*j<,vr. 01 ipj— ©sa#B0 1 <t 
in— ©fe©**r. 

[0038] ^^6SW©St»"SI*^v FOiSi&^aiill 

te*js**#w»c*-ri v awa <iio) ©umssji 20 

XtCjrSfil 1 ©Sffi 1 0 1 ©PffflCtBMbSsfSJS 2 0 1* 
Tfr&L/cfg. IPK{tJi3tJi 2 0 l©^5f-->^f 
K aOKl 0 2£J&£**fc»©l8Pg^»J^*<i:PJ 
■»c. KHIP»t5«l«©BS©Kll^3fUB*^rS. 

J&L. . &mtT SCiKJ: n'»f hiatal AtcJ-^.^ 
ja&iil3*^BRStlS. 
CO 03 9 ] Kft^U3^^ACC«fcS®S&«ttlirie©^ 

[0040] ^Bfrtgl Q3fl)MMj:l,Ttt. il3r©l&<t 
S?A»rii«>A (i?;Un-T) <Dfrt£t>?, AvYVt>ls 

mwmmstiic&mtiJK^-T. s€>tcBT*5:f\ 
Sterns -9 a, M<t^u^-^AS?*ffli,»rs< . 
-en6©ma«jfc^sj«i 0 3€r^fiSL,rt>ft 



!fiSg3¥8 - 5 8 08 8 

8 

[0 04 1] 

"Stt'N^ KB. T^g±aKOK3J£^rU/<:*£>*;rc 
*2^^AtTF<i;-rsci«:<fc»). TtlSiJEII&t© 

4sw*teSiB«*»-«aaj»©sm4tcj: o«jssn* 

im 1 ) *^©nis^«:fcw^?g(*pa^9 K©#m 
0. 

[02] **?8©iite««:*jw 5, si ©s« loitc 
ffm^R^s^^^ss-r * * -c©$«i»ie*^-r»r® 
0. 

[03] *^Bg©nssw«:*>w^. m&mm-^v f©h 

S8lii©ttfcft0. 

[04] (a) t&tt&mmmictotf&i tsz<omn 

SB. ( b ) B-£©«r®0. 

[05] **H«g»MCc:bC*SjEBUU 0 5©»fffi« 
j§©«S£0 o 

[06] *^9!©||«S«tc*jW5. SMMK1 0 3tcM 

Stg£«RELfcS«©»rW0. 
[1H<!«1] 

101 mi ©sis (m&ntemmm) 

1 02 ?ss 
1 0 3 JSSfrg 
1 0 4 TUSs 

1 0 5 s.&m 
i o 6 ±ms 

107 »2©Sfi 

i o 8 mt*mi& 

109 

20 3 SBR*d#LA:#>*A'B 
20 4 KStSrSWLfc^f >H 



(7) 
[06} 



t06 705 205 




102 JOt 



1$W8-58088 



^T8-58088 



t &&«)3i] ] ®&&m 1 7 2 <fc *JiiE©JS«S 

[ 8CP1K# ] M 2 SWISS 4 K# 

[&i7B] ^PfiJcl 4*P1£ 1 5B (2 00 2. 1. 1 5) 

[ &B§#^ ] # 03¥ 8 - 5 8 0 8 8 

[&0J5B] ¥j£8^3£5B (1 996. 3. 5) 

-&Pi^rF^fS8 - 5 8 1 
[ffigB#*f] #lgl¥6-2 0 1 0 87 

B41J 2/045 
2/055 
2/16 

[F I ] 

B41J 3/04 103 A 
103 H 



[fitl)B]¥)iJl3*8fl9B (200 1. 8. 9) 

[®jEMM<.9mz] mmm 
(mmzi mmm 

BfcZ interns., /X;k jg^SSEffi. mzm'&kicBiS. 

fiJiBTmS-hSPK:. i^5:Ml/t. ?$>ISfctt? 
fc*SOfl2i:;fcW:^*>£^T££^©Jl*£2 0 

o AWT<t o*. c i zftmhTzmmm 1 iB*s©ffit#ia 

[^©sfcBB&SMin 
[0001] 

mm±.a>mmfm ] m#m9t§&m&&tc& 
t o o o 2 ] mimsiMsmmt. mm. ; x*. m» 

-» 



[0003] 

:m&>&m *&m<zmi>zmi$.mmo>i&m®to 

97>rt- H . 1 9 9 3¥, ® 3 2«. 9 B#. 4 14 
4-414 eHW^ttcMfc** 1 **. 
[0 00 4] ^+yC--X^*-^;^^T^'7-f 
/<-H. 1 99 3^. »3 2t. 9B 

4 14 4-414 eHKBrigoDaSXtcfc^rtt. * 
easss^Lhtc. -mitimm. *>**js5oo 

A. ^*>J1500A V S#®2 OOOAilgJaU S 

^uz^jiyjvmxm^2 300 Agstc^LfcPZT 

[0005] 

[0 00 6] ^t^-Xyt-tW^77'7-fF7 
4i>v>?*. K-h 1. 1 99 3¥. f3 2t. 9B 

4 14 4-41 4 6H«C3f«£©l&3S:K:*J<,»T«. * 
feSasSS®±CC. ZlSfO^B. *>*.>Wa5 0 0 
A. ^$>ra5 00A t S&B2 OOOAifDBL 3 
6«C^y^&-CJg(!Jcl//tPZT <^£>BU^=i>K 
IS) SJgtfga^StvCO*. *KS. *^W^S i O, 



#^8-58088 



>^"CPZT*1 umBf&L. -e©«900"Cg^# 

[0007] xmitel&mt&.ffivmm&ic&frxrj: 
* c t tc «fc o . igeiie*oflf^g* o v>m#mm^ » 

FZim? -5 C t £ glfl<L T 4 fcOT 
[0008] 

[i$g£ft?&-r*fc#CD^gi] *iWi«>«f*«H^:' K 

s. 

2 0 0 A tTF £: l>fc C t film t T S . 
[00 10] 

[00 11] («fe^ 1)01 te#f£W©SWg0!lK:*JW 

?n/dgsb«i o 3 . mmmi o 3±«:«Eg$n/cffi^ 

%^*ri./c3»>£jHI2 0 3. RCTFlffil0 4, IIJIB 
T^ffil 0 4±gp{C^3nfcK^*^WrS^*>® 
2 0 4. fftSJgl0 5. ±ti@l 0 6KJ:.2>EE1I3S^# 

^fissnfc^ l <omn loii, ?s#ifcsg i o 8 t/mfc 

$*ifc^2©SSl 0 7=&g^L"Cfi£.S«fiS<t^or(,* 
£. 1 0 9 Itm 1 ©StS 101iS2 ©Sfi 10 741 

^ l tLMmvftnmicBfS. 3<i<t/ x^-r * * . mm i 
o2t/x;no9B, pi— <d f * f-rsea s n-ct* 

[00 12] CCQjgftiaa^? K©»fP«:ffi#K:ift^-r 

•s<t. Tmmi 0 4<fc±?isi o 6©iigK:^jE*erttin 

U TUg 10 4. EEUM 105. 1 0 6 «fc 0 & 

£EEH3I^ SUl!tei 0 3£g9&3#. SI10 2 
©&S£M4>£#. St^l 0 2rtCc^tjiiL/tt»S^>i' 
£&<*8fcSSl 08M?L,tBU yX;H 09 itlOf 
*i«aWSti-5S&fPt%-5. *HS6CTtpCC*$t»T. If 1 

0 2 CDig^lJ^riQjgJ L = 1 0 0 n m. -e©H1f *^lo]S 
SW= 1 5mm. Tlfil 0 4 ©EFiJ^ffog S L 1 = 1 

1 8 Mm. *<D$|fr£:£l*):g3Wl = 1 7mm. mmm 
1 0 5©E3«J#|fijg3 L p = 8 8 am. -5-CDJIfr *^IfiJ 



S$Wp=16mm. ±m@ 1 0 6©E?"J;£|6jS$ L u 
= 8 2 urn. nE-ODHfT^lSliBSWu = 1 5. 8mmi 
Uc. SifltfSSSl 0 8©8rMtt4 0 /imft<tl/ 

te. 

[0013] feTF. S«iXeKfi£^T#?6i38©?£#'g*i 

[0 0 1 4 ] 132 (a) . (b) . ( c ) «. *mi<D 
HJfcWcfcwa. SSIl©S«n 0 UCEMK-T-RViSm 

[00 1 53 S ^fi (110) ©JW£JUi3StcJ:.&SfH 
©gffi 10 1*1 2 0 0 'C-CSftK'ftb. 1 0 1 COM 
ffi«CSMb^®2 0 1£<¥*5 0 OOA^RXTS. -£1/ 

r. isioi <ofrmfr*>*-!>m*: iooo -c-c^ks 
m@2o KOT^icum^a. mm&w?aK.j:2>msbfc 

1 0 3?rff5gE-r&. mm&l 0 3©JI*tf: 1 nm. *9 
^©iSgttl 0"cm'' <*^©J^.-?-&* 1 cm** 
/cO 1 0'°®) tOtc. M«C. StSl 0 Kowmvzv* 

wv>* jg#i«i o 3*wt.mmLfmm 

ommit&iuu*wt)f). wummmz o 1 *tmtmt 

T>*- I 5AC0*^r^^-->* r U. BaPSP2 0 2 
^EWi,. CCDB$Kin§B2 0 2<Dli?f#^|Sj. Tttto 

[00 16] 

Wl] 

< 11 2 > 

[00 17] £iclt 
[00 18] 
[?f2] 

<T 1 2 > 

[00 1 9] ^ |6]j:LTja<. 7* h^KIStl, 
fcfg. SS10 1 C0JS8&« 1 0 3{M(C. K^^^WUfc 
3»>^;UB20 3. Till 0 4. M^^Wl/fc^f 
>B20 4. ES®105£aau 02 (a) {C^"T 
KHHifc*. H^CCfJ. ^S6«l 0 3(fflCDffilba3RS 

2 0 l±(C^g|5r>^;l/*6 0 OA. ^tCT«Sl0 4 

&.vwm*2;m?z>75>m2 o 4tor. ®g)i{c^ 

^>€r5 0A. ?6«ca^ ; &2 0 00 A. •€-CO±SPK:^ 
*>45 0AiX^v*y>^-C3@mfiSC. 
miSl 0 5*11*3 //mtC. fflfiEPb,., ! Sr,.. ! Zr 
..t.Ti..,,Mff..,, J Nb..,.,0, (90mo 1%) 
+ PbO(10mol%) ■Cw5n5j8^(*?-y? h 

vt>»^ ifjm^'i^K wm&wftfr 6 5 o -c i ^ra + 
9oo-cmfar--^*m>. mm^t^m^m 



fB3¥8-58088 



Uc*>*.»wa2 o 3. TSS104. vtc 

f{f>12 0 4, H^JSl 0 5£JBfiSL;fc. IBS. ffisg 
#BM*6 5 0 *C 1 KJISI + 9 0 0 *C 1 8#Fal©T--JU£ 
firo/t&. TmSl 0 4©±8IKCE^1 0 5**m£0 

[00203 -g-Ur, EESJSl 0 5£*3#K*ig«. 
Till 0 4%3E*7K^fffir^^-^>yi/ > JE«:±^ 
Si 0 6%^7> y>^&-c^*>£J¥<*5 OA. £ 

*jvv&o>jmm-c>*ti-~^tfL, m2 (b) cc^-r 

[002 I ] -£©%. SgJ£2 0 5 SrSdfcl** 'HU' 
gltltiC): 9KDBfc#. 4 0 0 VOmMZIfS. 

;wc. mmm2 o 5 ^mts.LtcE.m^'mcom^Mic 

fStH2 0 l<DiinSIJ2 0 2^6^S^S«l 0 1 CD 
H^fcfe* ? * > **:*T l». 1SI102 *»j^-r * . c © 
^feSS^Se 1 0 1 CDffi^{4*s (HO)tftO. 
MtCiapgP2 0 2©Mf#^ 
[0022] 

[fl-3j 



< 1 1 2> 



[0 02 3 3 ttcit 
W4] 



< 1 1 2> 



* [0 02 5 3 frfa-Cfr&frfr, jffi^l 0 2C0Htf#*|Sl 
CD2£JBJ5-r*GPM©®£ (111) litSCi^T 
*&<t:&y$A*fcSt%jai,>fcJa£. JmsjiasR 
©(HO)It(lll) I©i-;f>i'l/- h©J± 
B3 0 0 : lgSi^O. 3 0 0 Mm©SIS©I?:t-f 

?E^i 0 2*5^Bic$ni. -e-L-c. Sffii o l^mrtBrfe 

20 i£#&£#ftr>*~9A©*?^-cxy^>$' 
B£2;U 02 (c) (c*twt«t4. 

[002 6] B3», #&I»©SliSWcfeWS. Sjffci® 

mmts txtcm i ©sis i o i t mwm& 1 o 8 

3nfc!B2©SKl 0 7^1/, /X;H0 9t$» 
^A?L3 0 4*^fiSSn-5. 0 «#^A7L3 0 4»J«r»*t 
3 0 lTi*. #Efcg3 0 3*«»BS$tlS. C©?£tfcS 
3 0 3K:«51-S|5*>€>?g«:A5ea&3n.2,J: ; 5CCJa:o-Cl^ 
(07n#-T) . IH3 0 1 teH#S«3 0 2 tC&Otttt 

ht\z. ^2©ssio7«. ^7x^^^4itm^ 

•TSCitCtD. 1 0 8i-(tMlfc. c© 

5ViUfcit, y X;l/*> 6 5m ml?tn/cSi5^--C©«» 

[00273 ± .&mmw<DimmM^ ■> Kcc^r. t 
ne i o 4 ±cc x a v £ y > y sflg-r *£is * f ><om 
±83RB£E&tcisi>r. K^fflm* 
6 5 o*c imra+ 9 0 o*c 1 mr$<DT~->v£xz:ft 

«.=>. @tS. ^JSgiSfcg!. jtSH^Sftia (SEM) tcfc 

[00283 
[311 3 



Ti/S* (A) 




0 




50 




100 


n 


200 





c 0 0 2 9 3 j &i±©*5j&c «t 0 . rmm 1 0 4 ±tcmm 

*^Wr-55 L 3»>®2 0 4^BST5CiCC<i:0. ES 

jg 1 0 5 i rme 1 0 4 fs©s#tt**ra]± u . mmm®. 

2 0 0A©J&&. PZTTUtcmm^CXl^ifi. C 
7--JMS8CPZT 1 0 5*©8ft§8<!:®liS££ 
WT S^S >I2 0 4ifiJxJ&UXmit?ZC£K.i3!R? 

2 0 4©J¥*tt**9JI</H»:fr;&*S*Ol>. &J1*£ 
>5:^^Ha* 6 5 0 *C 1 B$f3+ 9 0 0 *C 1 B$fg|<DT 



--fr&T items. *<Dmm.ktT--)\>®o>&mgLt 

t£ 5 C t ifiX&mg<D S E MHSKJ: 0 SIS 3 nTt> 5 
/c«>. K^^WTS9 L ^>^2 04©J¥*tUr«2 
0 0 AJ£rFT**t <t*SM* 

[0 03 0 3 C©. KsStr^WrS^f >JB2 0 4«. 

[00313 V LbomtfoWtcmfe $hscift<. 



^¥8-58088 



[0 03 2 ] 04 (a) . (b) li. *&W<Dm&m<C 
*5tt£>. ff!2©g«l O7K^X^£0j£L/fc?£«3!B*f 

0 8£ff*tKL/cSir2©gtgl 0 7tC. /X;M0 1«:|g 

[0033] C©«fc5ftft)jU-rSC,»:{CJ:»). 04 
( a ) (Cm? J: 5 fcffig 1 0 2 *^m««ci2g I, . b*> 

*>^xjm o i *— mm±.K.mm.Tz>ctimfetts; 
EWt»^©*«-tr*ci*-c*. is&t&eioo 

Minil/fcJg^, xX.»U£4 0 0DPI*t&©^g-Cl2 

[0034 3 3: fcl5j«^#^"|li©&<*'gS4 ; 'v? F©*8 

tt&U. Wittf. BEHIgl 0 5©/P*£$6fc;*:*<-r 
&C±6«Itt-t>feSU *7fc*©tmfc**5EfflJi5©PZ 

*.rtfib>u *-ft6©^Ji*»j§-cfcHi,»u */cpz 
Tfiu. i o 4 fcSflKi'aA. .=.*eiMU. ^ 
i>tft>. Sfc. 8&S&£^rr-5*>3';Wf 2 0 3£{fc 

¥&uas& (cvd) a^. mm*-*?? b^m^tc 

[0 035] * tc. jBBfrfrggtd,,!*. TmSl 0 4 

±>cBiK*a*-rs»g^»z o 4a*&i>g^©EEgig 

1 0 5ff 1 5 0pC/NT*ofcCKSPfl. T^S 1 0 
4±<afc3frfc^W3»» >H 2 0 4 £jgttfciS^©ff 
S§1 0 5tt l 7 0pC/N<h*»<&'3, j&gfrfljl,> 

tcm&ofo&mzum&fa-kotc. smm 1 o 5 
a, Magmafe 5 o'c 1 B?ia+ 9 0 0 j c 1 mmr- 

-jl/%Kfctt&, ±iafflEStcJ:SPZTtc.J:Sfe©-e-& 

[0036] 05J*. *»W©lltfi««:te 

Iti. iMMR10 3(CBIfb3>A'3^A«m»ft:ffifM 



[0037] *maw<Dm&miti ^ ? pomtarffits^ 
iswift^-r&wiiats^c.-e -e-i-its 

tt£j5&JU*tttCii%-r&. flS^ft (110) <D*JSBS 
^(C<fc4^ 1 ©SS 1 0 1 ©Wffi«CK{tg§8JI2 0 1 i 

jffM 1 0 2 ^fiS-r*fcif>©pgpgi5*}BfiWs<fci5i 

«#c.. aHnS»iS*tffl(l©iB©M{fcS3RB%Bfe*ri. 
S6«l 0 3*>]&£$tiS. 

jLP_03_8j_^t^;L- =1 - •> a tc <t s^aj«ttB« te©& 
micmcmKzwtiautcttvmmi 0 2±©ism»«i 

0 3 CD£fl$jt*>ft£EEftt*. aWMRCCMftS^Ua-'JrA 

[0 03 9] ffismi 0 3©w^^orta:. ii^©SHt 
(^3-7) ©#&6-r. ';^A 

Wtr*3-->A. ^t^3-=-->A^*fflc^r^<. 

**i6©f»atitj*-CJISfrl£l 0 3*mi$.U~Cb& 
[0040] 

?r2 OOAWTi-TSCiCCj:?). TmgiJEm^t© 

«attt*'*»-r*ct*i-c*fc. *fc. ens tc. em u 
[@M©(a#tciftii] 

[0 1 ] *^?8©j|ttffitC*sW'5»[«a!lSt^'7 K©*4ffi 
0. 

[02] **W©HiSW«:*J»*» ^1©S«1 0 1 K: 

0. 

[03] 2j£#S9i©3S*6Wc*iW.5. ffi^as*-^? F©H 
««i»©«^:0. 

[04] (a) l3*|feDi©SIJB«tC*$W*. ^2©Sffi 

1 0 7{C>X^«:JBfiSL/c«iti®l4^^ FtCfeWS. 
00. (b) tt-€-©Br®0. 

_[05Jj*»W©SIJfi«{C*5W-5. 1 0 3 JCBHt 

^. «^*JBfiSLfcS«©»f00. 
[??^©itt^] 

10 1 mi ©SIS (#M B B aS^S®) 

1 02 mm 
1 0 3 ^a6fi 

1 0 4 TSS 
1 0 5 EEnSBI 



^^8-5 808 8 



10 6 

107 Sg2<Dgffi 

i o 8 mm&& 

10 9 y X)V 

203 W8HZSGisfci>>ti>l>m 

204 mmz-£&istc**>® 



miEtt&wmz) mm 



imi) 



[132] 



10« 




704 



[03] 



ios 





304 



[05] 
796 705 205 



.204 











f ' 



t02 



107 



-fi 5- 



15^8-5808 8 

[04] 



401 102 




(b) 



-m e- 



Searching PAJ 



1/1 v 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 08-058088 
(43)Date of publication of application : 05.03.1996 



(5 Dint CI. 




B41J 2/045 








B41J 2/055 








B41J 2/16 




(21 )Application number 


06-201087 


(71)Applicant : 


SEIKO EPSON CORP 


(22)Date of filing : 


25.08.1994 


(72)Inventor : 


HASEGAWA KAZUMASA 



(54) LIQUID INJECTION HEAD 

(57)Abstract 

PURPOSE: To obtain a liquid injection head high in reliability and 
yield by a method wherein an oxygen-containing titanium layer or 
titaniumcontaining alloy layer is formed on the upper part of a lower 
electrode to improve adherence between the lower electrode and a 
piezoelectric membrane. 

CONSTITUTION: A first base plate 101 is thermally oxidized with 
single crystal silicon to form silicon oxide Film 201 on both the sides 
of the base plate 101. A diaphragm 103 made of the single crystal 
silicon is formed below the silicon oxide film 201 on the one side of 
the base plate 101. A photoresist is formed on both the sides of the 
base plate 101 and an opening part 202 is formed on the side thereof 
opposite to the side provided with the diaphragm 103. After 
separation of the photoresist, an oxygen-containing tantalum layer 
203, a lower electrode 104, an oxygencontaining titanium layer 204 
and a piezoelectric membrane 105 are laminated on the diaphragm 
side of the base plate 101. The piezoelectric membrane 105 and the 
lower electrode 104 are patterned and an upper electrode 106 is 
formed by building up titanium and gold in that order and then 
patterned. A protecting membrane 205 is formed and partially 
removed from an electrode takeout part. A liquid chamber 102 is 
formed in the opening part 202 of the silicon oxide layer 201. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fluid injection head characterized by providing or including the following. The piezoelectric device which 
consists of the lower electrode formed on the substrate in which the liquid room for holding the liquid which should 
be injected was formed, a nozzle, liquid passage, the diaphragm formed on the aforementioned liquid room, and the 
aforementioned diaphragm, a piezoelectric film, and an upper electrode. The alloy layer which contains the titanium 
layer or titanium which contained oxygen in the bottom electrode upper part of the above in the fluid injection head 
which makes the liquid supplied to the liquid interior of a room through liquid passage by two or more the 
aforementioned liquid room, a nozzle, liquid passage, diaphragms, and piezoelectric devices being arranged, changing, 
driving the aforementioned piezoelectric device, sagging a diaphragm, and changing the volume of a liquid room inject 
outside from a nozzle. 

[Claim 2] The fluid injection head according to claim 1 characterized by making into 200A or less thickness of the 
alloy layer containing the titanium layer or titanium containing oxygen prepared in the bottom electrode upper part of . 
the above. 

[Claim 3] The fluid injection head according to claim 1 characterized by the crystalline structure in the 
aforementioned piezoelectric film being constituted by uniform globular form crystal grain. 



[Translation done.] 
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TECHNICAL HELD 



[Industrial Application] this invention relates to the fluid injection head used suitable for a fluid injection recording 
device. 

[0002] By a fluid injection recording device's possessing a liquid room, a nozzle, the fluid injection head that has liquid 
passage, and an ink supply system, and giving energy to the ink it is [ ink ] full of the liquid interior of a room, the ink 
of the liquid interior of a room is extruded by liquid passage, as a result, an ink drop is injected from a nozzle, and, 
thereby, record of a character and image information is performed. A means to pressurize the liquid interior of a 
room, using a piezoelectric device as a means to give energy to ink. or a means to heat liquid indoor ink using a 
heater is common, this invention relates to the fluid injection head which has among this a means to pressurize the 
liquid interior of a room using a piezoelectric device. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the fluid injection head used suitable for a fluid injection recording 
device. 

[0002] By a fluid injection recording device's possessing a liquid room, a nozzle, the fluid injection head that has liquid 
passage, and an ink supply system, and giving energy to the ink it is [ ink ] full of the liquid interior of a room, the ink 
of the liquid interior of a room is extruded by liquid passage, as a result an ink drop is injected from a nozzle, and, 
thereby, record of a character and image information is performed. A means to pressurize the liquid interior of a 
room, using a piezoelectric device as a means to give energy to ink, or a means to heat liquid indoor ink using a 
heater is common, this invention relates to the fluid injection head which has among this a means to pressurize the 
liquid interior of a room using a piezoelectric device. 
[0003] 

[Description of the Prior Art] if it considers as the conventional technology of the component in connection with this 
invention, there will be a paper the 32nd volume, 9B No., and cited on 4144 - 4146 pages in 1 or Japanese journal 
OBUAPURAIDOFIJIKKU spurt 1993 

[0004] In the paper the 32nd volume, 9B No., and cited on 4144 - 4146 pages, the PZT (titanic-acid lead zirconate) 
thin film which carried out [ the thin film ] the laminating to a silicon-dioxide layer, 500A of tantalum layers, 500A of 
titanium layers, and 2000A of platinum layers, and was further formed by the sol gel process on the single crystal 
silicon substrate at the thickness of about 2300A is indicated in 1 or Japanese JANARUOBU applied physics and 
part 1993. PZT is common as a piezoelectric material and can be used for the piezoelectric film of the fluid injection 
head of this invention. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there is a problem which should be solved as shown below in the 
component of the fluid injection head by the aforementioned conventional technology. 

[0006] In the paper the 32nd volume, 9B No., and cited on 4144 - 4146 pages, the PZT (titanic-acid lead zirconate) 
thin film which carried out [ the thin film ] the laminating to a silicon-dioxide layer, 500A of tantalum layers, 500A of 
titanium layers, and 2000A of platinum layers, and was further formed by the sol gel process on the single crystal 
silicon substrate is indicated in 1 or Japanese JANARUOBU applied physics and part 1993. this invention person is 
actually Si02. On the with Si substrate, the electrode just like that was constituted, 1 micrometer of PZT(s) was 
formed by the sputtering method, and it heat-treated in 900-degree-C oxygen atmosphere after that. Then, peeling 
arose between a platinum electrode and PZT partially, and it was suggested that the adhesion force of platinum and 
PZT is weak. 

[0007] this invention is made in view of the trouble of the above-mentioned conventional technology, and it aims at 
offering high-reliability and the fluid injection head of the high yield by improving the adhesion of a lower electrode 
and a piezoelectric film. 
[0008] 

[Means for Solving the Problem] The substrate in which the liquid room for the fluid injection head of this invention 
holding the liquid which should be injected was formed, A nozzle, liquid passage, the diaphragm formed on the 
aforementioned liquid room, the lower electrode formed on the aforementioned diaphragm. By providing the 
piezoelectric device which consists of a piezoelectric film and an upper electrode, and two or more the 
aforementioned liquid room, a nozzle, liquid passage, diaphragms, and piezoelectric devices being arranged, changing, 
driving the aforementioned piezoelectric device, sagging a diaphragm, and changing the volume of a liquid room In the 
fluid injection head which makes the liquid supplied to the liquid interior of a room through liquid passage inject 
outside from a nozzle, it is characterized by preparing the alloy layer containing the titanium layer or titanium which 
contained oxygen in the bottom electrode upper part of the above. 

[0009] Moreover, it is characterized by making into 200A or less thickness of the alloy layer containing the titanium 

layer or titanium containing oxygen prepared in the bottom electrode upper part of the above. 

[0010] Moreover, the crystalline structure in the aforementioned piezoelectric film is characterized by being 

constituted by uniform globular form crystal grain. 

[0011] 

[Example] Hereafter, it explains, referring to a drawing about the example of this invention. 

[0012] (Example 1) Drawing 1 is the perspective diagram of the fluid injection head in the example of this invention. It 
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has composition which joins the 1st substrate 101 in which the piezoelectric device by the titanium layer 204 
containing the oxygen formed in the tantalum layer [ containing the oxygen formed on the diaphragm 103 formed on 
the liquid room 102 and the diaphragm 103 ] 203 and lower electrode 104, and bottom electrode of the above 104 
upper part, the piezoelectric film 105. and the upper electrode 106 was formed, and the 2nd substrate 107 in which 
the liquid passage 108 was formed, and changes. 109 is the nozzle formed in opening of the cross section which 
joined the 1st substrate 101 and 2nd substrate 107. The liquid room 102 and the nozzle 109 are arranged in the same 
pitch. 

[0013] If operation of this fluid injection head is explained briefly, will impress voltage between the lower electrode 
104 and the upper electrode 106, the piezoelectric device which consists of the lower electrode 104. a piezoelectric 
film 105, and an upper electrode 106, and a diaphragm 103 will be made to deform, the volume of the liquid room 102 
will be decreased, the ink which it is full of in the liquid room 102 will be extruded to the liquid passage 108, and it will 
become operation by which ink is injected from a nozzle 109. It is under [ this example ] setting. An array direction 
length of L= 100 micrometers of the liquid room 102, its depth direction length of W= 15mm, They could be array 
direction length Ll=1 18micrometer of the lower electrode 104, its depth direction length Wl=17mm, array direction 
length Lp=88micrometer of a piezoelectric film 105, its depth direction length Wp=16mm, array direction length 
Lu=82micrometer of the upper electrode 106. and its depth direction length Wu=1 5.8mm. Moreover, the cross section 
of the liquid passage 108 was taken as 40-micrometer angle. 

[0014] Hereafter, according to a manufacturing process, the fluid injection head of this invention is explained in detail. 

[0015] Drawing 2 (a), (b), and (c) are the cross sections showing the manufacturing process in the example of this 
invention until it forms a piezoelectric device and a liquid room in the 1st substrate 101. In addition, in this cross 
section, a direction perpendicular to space turns into the depth direction of a liquid room. 

[0016] The 1st substrate 101 by the single crystal silicon of a field direction (1 10) is oxidized thermally at 1200 
degrees C, and the oxidization silicon layer 201 is formed in both sides of a substrate 101 the thickness of 5000A. 
And the lower part of the oxidization silicon layer 201 is made to diffuse boron at 1 000 degrees C from one side of a 
substrate 101, and the diaphragm 103 by single crystal silicon is formed. The thickness of a diaphragm 103 set 
concentration of 1 micrometer and boron to 1020cm-3 (it is the atomic number of boron 1cm 1020 per three). 
Furthermore, a photoresist is formed in both sides of a substrate 101, opening is prepared in the front face of an 
opposite side the side which formed the diaphragm 103, patterning of the oxidization silicon layer 201 is carried out in 
fluoric acid and the solution of an ammonium fluoride, and opening 202 is formed. At this time, rt is [001 7] in the 
depth direction of opening 202, i.e., a direction perpendicular to space. 
[External Character 1] 

< 1 1 2> 

[0018] Or [0019] 
[External Character 2] 

< 1 1 2 > 

[0020] It considers as the direction. After exfoliating a photoresist, a laminating is carried out to the tantalum layer 

203 which contained oxygen in the diaphragm 103 side of a substrate 101, the lower electrode 104, the titanium layer 

204 containing oxygen, and a piezoelectric film 105. and it becomes the cross section shown in drawing 2 (a). In fact a 
metal tantalum as a titanium layer 204 which contains 600A on the oxidization silicon layer 201 by the side of a 
diaphragm 103, and next contains the lower electrode 104 and oxygen Are made it an adhesion layer by 2000A, and 3 
stratification of the 50A of the titanium is further made [ titanium ] for platinum to the upper part by 50A and the 
sputtering method. Furthermore, the sintered-compact target shown in the thickness of 3 micrometers in a 
piezoelectric film 105 by composition Pb0.95Sr0.05ZrO.28Ti0.35Mg0.123Nb0.247O3(90-mol%)+PbO (ten-mol%) is used. 
RF-sputtering membrane formation was performed without substrate heating in argon atmosphere, +900-degree-C 1- 
hour annealing in oxygen atmosphere per 650-degree C hour was performed, and the tantalum layer 203 containing 
the oxygen shown in this drawing, the lower electrode 104, the titanium layer 204 containing oxygen, and the 
piezoelectric film 105 were formed. After performing +900-degree-C annealing of 1 hour in oxygen atmosphere per 
650-degree C hour, when the portion to which a piezoelectric film 105 does not exist in the upper part of the lower 
electrode 104 was actually analyzed with the X-ray diffraction method, the diffraction line from the crystal of a 
titanium dioxide was observed, and it was checked that the titanium layer 204 containing oxygen exists. 

[0021] And a piezoelectric film 105 is carried out in HOU fluoric acid solution, patterning of the lower electrode 104 is 
carried out in aqua-regia solution, further, titanium is formed in the thickness of 50A, gold is formed in the thickness 
of 2000A, and this order by the sputtering method, patterning of the upper electrode 106 is carried out in the solution 
of iodine and potassium iodide, and it becomes the cross section shown in drawing 2 (b). 

[0022] Then, a protective coat 205 is formed in the thickness of 2 micrometers by the photosensitive polyimide, and 
the protective coat of the electrode takeoff connection which is not illustrated is removed by development, and it 
heat-treats at 400 degrees C. Next the field by the side of the piezoelectric device in which the protective coat 205 
was formed is protected with a fixture, a dipping is carried out to potassium-hydroxide solution, anisotropic etching of 
the single crystal silicon substrate 101 is performed from the opening 202 of the oxidization silicon layer 201, and the 
liquid room 102 is formed. At this time, the field direction of the single crystal silicon substrate 101 is (110), and the 
depth direction of opening 202 is [0023] further. 
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[External Character 3] 

< 1 1 2 > 

[0024] Or [0025] 
[External Character 4] 

< 1 1 2 > 

[0026] Since it is a direction, the field of the side attachment wall which forms the side of the depth direction of the 
liquid room 102 can be made into a field (111). When potassium-hydroxide solution is used, the ratio of the etching 
rate of the field (110) of single crystal silicon and a field (111) becomes about 300:1, a slot with a depth of 300 
micrometers can be stopped and formed in about side etching 1 micrometer, and the liquid room 102 is formed. And 
etching removal of the oxidization silicon layer 201 which is in contact with the substrate 101 is carried out in fluoric 
acid and the solution of an ammonium fluoride, fixing a substrate 101 to the aforementioned fixture, and it becomes 
the cross section shown in drawing 2 (c). 

[0027] Drawing 3 is the conceptual diagram of the mounting structure of the fluid injection head in the example of 
this invention, the 1st substrate 101 in which the piezoelectric device and the liquid room were formed, and the 2nd 
substrate 107 in which the liquid passage 108 was formed — joining — a nozzle 109 and liquid introduction — a hole 
304 is formed liquid introduction — a hole 304 side is surrounded by the base material 301, and the liquid room 303 is 
formed A liquid is supplied to this liquid room 303 from the exterior (not shown). A base material 301 is attached in 
the mounting substrate 302. The 2nd substrate 107 was the liquid passage 108 and really formed by carrying out 
injection molding of the plastics. When the fluid injection experiment was conducted using this fluid injection head and 
applied voltage to a piezoelectric film was set to 15V, using drainage system ink as a liquid, the fluid injection speed in 
the portion which is separated from a nozzle 5mm was 17 m/sec. 

[0028] In the fluid injection head of the above-mentioned example, the thickness of the titanium metal which carries 
out sputtering membrane formation on the lower electrode 104 was changed. In the above-mentioned manufacturing 
process, even +900~degree-C annealing of 1 hour in oxygen atmosphere per 650-degree C hour was performed, and 
it observed with viewing, the metaloscope, and the scanning electron microscope (SEM). The result is shown in Table 
1. 



!0029] 
Table 1] 
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[0030] It turns out that the adhesion between a piezoelectric film 105 and the lower electrode 104 improved, and the 
ablation phenomenon was lost by the above result by forming the titanium layer 204 containing oxygen on the lower 
electrode 104. Moreover, although the cavity is generated in the PZT lower part when the thickness of titanium metal 
is 200A, it is thought that it originates in the titanium layer 204 containing the lead oxide and oxygen in PZT105 
reacting and liquefying this at the time of annealing. Therefore, the thickness of the titanium layer 204 containing 
oxygen has the desirable direction which is not not much thick. When +900-degree-C annealing of 1 hour in oxygen 
atmosphere per 650-degree C hour is performed for titanium metal, since about twice and the bird clapper in front of 
annealing are checked by SEM observation of this invention person, as for the thickness, it is desirable that it is 200A 
or less as thickness of the titanium layer 204 containing oxygen. 

[0031] The titanium layers 204 containing this oxygen may be the titanium alloy containing oxygen, for example, a 
titanium-tantalum alloy, a titanium-nickel alloy, a titanium-platinum alloy, etc. 

[0032] this invention can be widely applied in the range which does not deviate from the main point, without being 
limited to the above example. For example, it is applicable also to a flat surface and the fluid injection head of cross- 
section composition as shown in drawing 4 . 

[0033] Drawing 4 (a) and (b) are the plans and cross sections in the fluid injection head which formed the nozzle in 
the 2nd substrate 107 in the example of this invention. A nozzle 401 is formed in the 2nd substrate 107 in which the 
liquid passage 108 was formed, and it has composition joined to the 1st substrate 101. What is necessary is just to 
form a nozzle 401 by irradiating an excimer laser. 

[0034] By considering as such composition, it becomes possible to arrange the liquid room 102 alternately, as shown 
in drawing 4 (a), and to arrange a nozzle 401 on a straight line moreover. Therefore, when the array pitch of a nozzle 
401 can be made into the half of the array pitch of the liquid room 102 and a liquid room size is set to 100 
micrometers, it becomes possible to arrange a nozzle by the density about 400DPL That is. the further densification 
of a nozzle becomes possible. 

[0035] Moreover, similarly the component or material of a fluid injection head of this invention are not limited to the 
thing in the above-mentioned example, either. For example, it is also possible to enlarge thickness of a piezoelectric 
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film 105 further, and without also limiting the material to PZT of specific composition, a composition ratio and the 
kind of additive may be changed and the material which those multilayer structure is sufficient as. and contains not 
only PZT but lead, for example, a lead titanate, may be used. Moreover, the process may also use other methods, 
such as a sol gel process. The lower electrode 104 may also use chromium, nickel, a tungsten, etc. for an adhesion 
layer, and a platinum layer may be used for a platinum rhodium alloy, a platinum iridium alloy, a platinum-titanium 
alloy, etc. Moreover, you may form the tantalum layer 203 containing oxygen suddenly by the chemical-vapor- 
deposition (CVD) method and the sputtering method using the oxide target. Furthermore, it may be included in the 
layer, the oxide, for example, 2 tantalum-oxide equality, of a low valence. 

[0036] Moreover, according to SEM observation, the cross-section structure of the piezoelectric film 105 by PZT by 
the above-mentioned composition after +900-degree-C 1-hour annealing in oxygen atmosphere per 650-degree C 
hour was constituted by uniform globular form crystal grain by forming the titanium layer 204 containing oxygen on 
the lower electrode 104. The ** type view of the cross-section structure of a piezoelectric film 105 where the 
titanium layer 204 containing oxygen was formed on the lower electrode 104 at drawing 5 (a) is shown. It turns out 
that the piezoelectric film 105 is constituted by the uniform globular form crystal grain 501. On the other hand, as the 
** type view of the cross-section structure of the piezoelectric film 105 in case there is no titanium layer 204 
containing oxygen was shown in drawing 5 (b), about 5000A of pillar-shaped crystal grain 502 was formed upwards 
from the interface with the lower electrode 104, and the globular form crystal grain 501 was formed in the upper part. 
To the latter having been 150 pC/N, the piezo-electric distortion constant d31 became large with 170 pC/N, and, as 
for the former, its fluid injection property at the time of using the former also improved. Therefore, by forming the 
titanium layer 204 containing oxygen, the cross-section structure of a piezoelectric film 105 came to be constituted 
by uniform globular form crystal grain, and probably for this reason, the piezo-electric distortion constant d31 became 
large, and it appeared to the effect which was not considered at the beginning that a fluid injection property also 
improves. 

[0037] (Example 2) Drawing 6 is the cross section of the substrate in which the piezoelectric device and the liquid 
room were formed in the fluid injection head which us~ed the zirconium oxide for the diaphragm 103 in the example of 
this invention. In this drawing, the same sign as drawing 1 expresses the same thing as drawing 1 . 
[0038] Although the manufacture method of the fluid injection head of this example is almost the same as what is 
shown in an example 1 If a different point from it is shown concretely hereafter, after forming the oxidization silicon 
layer 201 in both sides of the 1st substrate 101 by the single crystal silicon of a field direction (1 10), Patterning of 
the ****** silicon layer 201 is performed, and this opening and the oxidization silicon layer of the field of an opposite 
side are removed at the same time it forms opening for forming the liquid room 102. The diaphragm 103 by the 
zirconium oxide is formed by forming and oxidizing a metal zirconium thermally to the field which removed the 
oxidization silicon layer on the whole surface. 

[0039] The diaphragm by the zirconium oxide has large Young's modulus compared with what is depended on the 
aforementioned silicon. Therefore, the deformation and developed pressure of a diaphragm 103 on the liquid room 102 
when impressing the same voltage as a piezoelectric film have a large direction at the time of using a zirconium oxide 
for a diaphragm, therefore it is [ a fluid injection property ] good. 

[0040] The stabilized zirconia and further by which not only the usual zirconium oxide (zirconia) but the yttrium etc. 
was added as a material of a diaphragm 103 may use an alumina, alumimium nitride, a zirconium nitride, etc., and may 
form a diaphragm 103 by those laminated structures. 
[0041] 

[Effect of the Invention] As explained above, the fluid injection head by this invention has improved the adhesion of a 
lower electrode and a piezoelectric film by preparing the alloy layer containing the titanium containing oxygen, or 
titanium in the lower electrode upper part, and making the thickness into 200A or less desirably. Moreover, the 
crystalline structure in a piezoelectric film came to be simultaneously constituted by uniform globular form crystal 
grain, the piezo-electric strain constant became large, and the effect [ say / that a fluid injection property also 
improves ] which was not seen even if considered also appeared. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated 



PRIOR ART 



[Description of the Prior Art] if it considers as the conventional technology of the component in connection with this 
invention, there will be a paper the 32nd volume, 9B No., and cited on 4144 - 4146 pages in 1 or Japanese journal 
OBUAPURAIDOFIJIKKU spurt 1993 

[0004] In the paper the 32nd volume, 9B No., and cited on 4144 - 4146 pages, the PZT (titanic-acid lead zirconate) 
thin film which carried out [ the thin film ] the laminating to a silicon-dioxide layer, 500A of tantalum layers, 500A of 
titanium layers, and 2000A of platinum layers, and was further formed by the sol gel process on the single crystal 
silicon substrate at the thickness of about 2300A is indicated in 1 or Japanese JANARUOBU applied physics and 
part 1993. PZT is common as a piezoelectric material and can be used for the piezoelectric film of the fluid injection 
head of this invention. 
[0005] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, the fluid injection head by this invention has improved the adhesion of a 
lower electrode and a piezoelectric film by preparing the alloy layer containing the titanium containing oxygen, or 
titanium in the lower electrode upper part, and making the thickness into 200A or less desirably. Moreover, the 
crystalline structure in a piezoelectric film came to be simultaneously constituted by uniform globular form crystal 
grain, the piezo-electric strain constant became large, and the effect [ say / that a fluid injection property also 
improves ] which was not seen even if considered also appeared. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, there is a problem which should be solved as shown below in the 
component of the fluid injection head by the aforementioned conventional technology. 

[0006] In the paper the 32nd volume, 9B No., and cited on 4144 - 4146 pages, the P2T (titanic-acid lead zirconate) 
thin film which carried out [ the thin film ] the laminating to a silicon-dioxide layer. 500A of tantalum layers, 500A of 
titanium layers, and 2000A of platinum layers, and was further formed by the sol gel process on the single crystal 
silicon substrate is indicated in 1 or Japanese JANARUOBU applied physics and part 1993. this invention person is 
actually Si02. On the with Si substrate, the electrode just like that was constituted, 1 micrometer of PZT(s) was 
formed by the sputtering method, and it heat-treated in 900-degree-C oxygen atmosphere after that. Then, peeling 
arose between a platinum electrode and PZT partially, and it was suggested that the adhesion force of platinum and 
P2T is weak. 

[0007] this invention is made in view of the trouble of the above-mentioned conventional technology, and it aims at 
offering high-reliability and the fluid injection head of the high yield by improving the adhesion of a lower electrode 
and a piezoelectric film. 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The substrate in which the liquid room for the fluid injection head of this invention 
holding the liquid which should be injected was formed, A nozzle, liquid passage, the diaphragm formed on the 
aforementioned liquid room, the lower electrode formed on the aforementioned diaphragm, By providing the 
piezoelectric device which consists of a piezoelectric film and an upper electrode, and two or more the 
aforementioned liquid room, a nozzle, liquid passage, diaphragms, and piezoelectric devices being arranged, changing, 
driving the aforementioned piezoelectric device, sagging a diaphragm, and changing the volume of a liquid room In the 
fluid injection head which makes the liquid supplied to the liquid interior of a room through liquid passage inject 
outside from a nozzle, it is characterized by preparing the alloy layer containing the titanium layer or titanium which 
contained oxygen in the bottom electrode upper part of the above. 

[0009] Moreover, it is characterized by making into 200A or less thickness of the alloy layer containing the titanium 
layer or titanium containing oxygen prepared in the bottom electrode upper part of the above. 

LUV/ i uj i»iuicuvci, liio yocaiiino ou uvi-Mtv in uiv mwl \#iiiviivivnv« iw •«* — ~ wi — j wvn 

constituted by uniform globular form crystal grain. 
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EXAMPLE 



[Example] Hereafter, it explains, referring to a drawing about the example of this invention. 

[0012] (Example 1) Drawing 1 is the perspective diagram of the fluid injection head in the example of this invention. It 
has composition which joins the 1st substrate 101 in which the piezoelectric device by the titanium layer 204 
containing the oxygen formed in the tantalum layer [ containing the oxygen formed on the diaphragm 103 formed on 
the liquid room 102 and the diaphragm 103 ] 203 and lower electrode 104. and bottom electrode of the above 104 
upper part, the piezoelectric film 105, and the upper electrode 106 was formed, and the 2nd substrate 107 in which 
the liquid passage 108 was formed, and changes. 109 is the nozzle formed in opening of the cross section which 
joined the 1st substrate 101 and 2nd substrate 107. The liquid room 102 and the nozzle 109 are arranged in the same 
pitch. 

[0013] If operation of this fluid injection head is explained briefly, will impress voltage between the lower electrode 
104 and the upper electrode 106, the piezoelectric device which consists of the lower electrode 104, a piezoelectric 
film 105, and an upper electrode 106, and a diaphragm 103 will be made to deform, the volume of the liquid room 102 
will be decreased, the ink which it is full of in the liquid room 102 will be extruded to the liquid passage 108, and it will 
become operation by which ink is injected from a nozzle 109. It is under [ this example ] setting. An array direction 
length of L= 100 micrometers of the liquid room 102, its depth direction length of W= 15mm, They could be array 
direction length Ll=1 18micrometer of the lower electrode 104, its depth direction length Wl=17mm, array direction 
length Lp=88micrometer of a piezoelectric film 105, its depth direction length Wp=16mm. array direction length 
Lu=82micrometer of the upper electrode 106, and its depth direction length Wu=1 5.8mm. Moreover, the cross section 
of the liquid passage 108 was taken as 40-micrometer angle. 

[0014] Hereafter, according to a manufacturing process, the fluid injection head of this invention is explained in detail. 

[0015] Drawing 2 (a), (b), and (c) are the cross sections showing the manufacturing process in the example of this 
invention until it forms a piezoelectric device and a liquid room in the 1st substrate 101. In addition, in this cross 
section, a direction perpendicular to space turns into the depth direction of a liquid room. 

[0016] The 1st substrate 101 by the single crystal silicon of a Field direction (1 10) is oxidized thermally at 1200 
degrees C, and the oxidization silicon layer 201 is formed in both sides of a substrate 101 the thickness of 5000A. 
And the lower part of the oxidization silicon layer 201 is made to diffuse boron at 1000 degrees C from one side of a 
substrate 101, and the diaphragm 103 by single crystal silicon is formed. The thickness of a diaphragm 103 set 
concentration of 1 micrometer and boron to 1020cm~3 (it is the atomic number of boron 1cm 1020 per three). 
Furthermore, a photoresist is formed in both sides of a substrate 101, opening is prepared in the front face of an 
opposite side the side which formed the diaphragm 103, patterning of the oxidization silicon layer 201 is carried out in 
fluoric acid and the solution of an ammonium fluoride, and opening 202 is formed. At this time, it is [0017] in the 
depth direction of opening 202, i.e., a direction perpendicular to space. 
[External Character 1] 

<U2> 

[0018] Or [0019] 
[External Character 2] 

< 1 1 2 > 

[0020] It considers as the direction. After exfoliating a photoresist a laminating is carried out to the tantalum layer 

203 which contained oxygen in the diaphragm 103 side of a substrate 101, the lower electrode 104, the titanium layer 

204 containing oxygen, and a piezoelectric film 105, and it becomes the cross section shown in drawing 2 (a). In fact a 
metal tantalum as a titanium layer 204 which contains 600A on the oxidization silicon layer 201 by the side of a 
diaphragm 103, and next contains the lower electrode 104 and oxygen Are made it an adhesion layer by 2000A, and 3 
stratification of the 50A of the titanium is further made [ titanium ] for platinum to the upper part by 50A and the 
sputtering method. Furthermore, the sintered-compact target shown in the thickness of 3 micrometers in a 
piezoelectric film 105 by composition Pb0.95Sr0.05Zr0.28Ti0.35Mg0.123Nb0.247O3(90-mol%)+PbO (ten-mol%) is used. 
RF-sputtering membrane formation was performed without substrate heating in argon atmosphere, +900-degree-C 1- 
hour annealing in oxygen atmosphere per 650-degree C hour was performed, and the tantalum layer 203 containing 
the oxygen shown in this drawing, the lower electrode 104, the titanium layer 204 containing oxygen, and the 
piezoelectric film 105 were formed. After performing +900-degree~C annealing of 1 hour in oxygen atmosphere per 
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650-degree C hour, when the portion to which a piezoelectric film 105 does not exist in the upper part of the lower 
electrode 104 was actually analyzed with the X-ray diffraction method, the diffraction line from the crystal of a 
titanium dioxide was observed, and it was checked that the titanium layer 204 containing oxygen exists. 
[0021] And a piezoelectric film 105 is carried out in HOU fluoric acid solution, patterning of the lower electrode 104 is 
carried out in aqua-regia solution, further, titanium is formed in the thickness of 50A. gold is formed in the thickness 
of 2000A. and this order by the sputtering method, patterning of the upper electrode 106 is carried out in the solution 
of iodine and potassium iodide, and it becomes the cross section shown in drawing 2 (b). 

[0022] Then, a protective coat 205 is formed in the thickness of 2 micrometers by the photosensitive polyimide. and 
the protective coat of the electrode takeoff connection which is not illustrated is removed by development, and it 
heat-treats at 400 degrees C. Next the field by the side of the piezoelectric device in which the protective coat 205 
was formed is protected with a fixture, a dipping is carried out to potassium-hydroxide solution, anisotropic etching of 
the single crystal silicon substrate 101 is performed from the opening 202 of the oxidization silicon layer 201. and the 
liquid room 102 is formed. At this time, the field direction of the single crystal silicon substrate 101 is (110), and the 
depth direction of opening 202 is [0023] further. 
[External Character 3] 

< 1 1 2 > 

[0024] Or [0025] 
[External Character 4] 

< 1 1 2 > 

[0026] Since it is a direction, the field of the side attachment wall which forms the side of the depth direction of the 
liquid room 102 can be made into a field (111). When potassium-hydroxide solution is used, the ratio of the etching 
rate of the field (110) of single crystal silicon and a field (1 1 1) becomes about 300:1, a slot with a depth of 300 
micrometers can be stopped and formed in about side etching 1 micrometer, and the liquid room 102 is formed. And 
etching removal of the oxidization silicon layer 201 which is in contact with the substrate 101 is carried out in fluoric 
acid and the solution of an ammonium fluoride, fixing a substrate 101 to the aforementioned fixture, and it becomes 
the cross section shown in drawing 2 (c). 

[0027] Drawing 3 is the conceptual diagram of the mounting structure of the fluid injection head in the example of 
this invention, the 1st substrate 101 in which the piezoelectric device and the liquid room were formed, and the 2nd 
substrate 107 in which the liquid passage 108 was formed — joining — a nozzle 109 and liquid introduction — a hole 
304 is formed liquid introduction — a hole 304 side is surrounded by the base material 301. and the liquid room 303 is 
formed A liquid is supplied to this liquid room 303 from the exterior (not shown). A base material 301 is attached in 
the mounting substrate 302. The 2nd substrate 107 was the liquid passage 108 and really formed by carrying out 
injection molding of the plastics. When the fluid injection experiment was conducted using this fluid injection head and 
applied voltage to a piezoelectric film was set to 15V, using drainage system ink as a liquid, the fluid injection speed in 
the portion which is separated from a nozzle 5mm was 17 m/sec. 

[0028] In the fluid injection head of the above-mentioned example, the thickness of the titanium metal which carries 
out sputtering membrane formation on the lower electrode 104 was changed. In the above-mentioned manufacturing 
process, even +900-degree-C annealing of 1 hour in oxygen atmosphere per 650-degree C hour was performed, and 
it observed with viewing, the metaloscope, and the scanning electron microscope (SEM). The result is shown in Table 
1. 



;0029] 
iTable 1] 
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[0030] It turns out that the adhesion between a piezoelectric film 105 and the lower electrode 104 improved, and the 
ablation phenomenon was lost by the above result by forming the titanium layer 204 containing oxygen on the lower 
electrode 104. Moreover, although the cavity is generated in the PZT lower part when the thickness of titanium metal 
is 200A. it is thought that it originates in the titanium layer 204 containing the lead oxide and oxygen in PZT105 
reacting.and liquefying this at the time of annealing. Therefore, the thickness of the titanium layer 204 containing 
oxygen has the desirable direction which is not not much thick. When +900~degree-C annealing of 1 hour in oxygen 
atmosphere per 650-degree C hour is performed for titanium metal, since about twice and the bird clapper in front of 
annealing are checked by SEM observation of this invention person, as for the thickness, it is desirable that it is 200A 
or less as thickness of the titanium layer 204 containing oxygen. 

[0031] The titanium layers 204 containing this oxygen may be the titanium alloy containing oxygen, for example, a 
titanium-tantalum alloy, a titanium-nickel alloy, a titanium-platinum alloy, etc. 
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[0032] this invention can be widely applied in the range which does not deviate from the main point, without being 
limited to the above example. For example, it is applicable also to a flat surface and the fluid injection head of cross- 
section composition as shown in drawing 4 . 

[0033] Drawing 4 (a) and (b) are the plans and cross sections in the fluid injection head which formed the nozzle in 
the 2nd substrate 107 in the example of this invention. A nozzle 401 is formed in the 2nd substrate 107 in which the 
liquid passage 108 was formed, and it has composition joined to the 1st substrate 101. What is necessary is just to 
form a nozzle 401 by irradiating an excimer laser. 

[0034] By considering as such composition, it becomes possible to arrange the liquid room 102 alternately, as shown 
in drawing 4 (a), and to arrange a nozzle 401 on a straight line moreover. Therefore, when the array pitch of a nozzle 
401 can be made into the half of the array pitch of the liquid room 102 and a liquid room size is set to 100 
micrometers, it becomes possible to arrange a nozzle by the density about 400DPI. That is. the further densification 
of a nozzle becomes possible. 

[0035] Moreover, similarly the component or material of a fluid injection head of this invention are not limited to the 
thing in the above-mentioned example, either. For example, it is also possible to enlarge thickness of a piezoelectric 
film 105 further, and without also limiting the material to PZT of specific composition, a composition ratio and the 
kind of additive may be changed and the material which those multilayer structure is sufficient as. and contains not 
only PZT but lead, for example, a lead titanate, may be used. Moreover, the process may also use other methods, 
such as a sol gel process. The lower electrode 104 may also use chromium, nickel, a tungsten, etc. for an adhesion 
layer, and a platinum layer may be used for a platinum rhodium alloy, a platinum iridium alloy, a platinum-titanium 
alloy, etc. Moreover, you may form the tantalum layer 203 containing oxygen suddenly by the chemical-vapor- 
deposition (CVD) method and the sputtering method using the oxide target. Furthermore, it may be included in the 
layer, the oxide, for example, 2 tantalum-oxide equality, of a low valence. 

[0036] Moreover, according to SEM observation, the cross-section structure of the piezoelectric film 105 by PZT by 
the above-mentioned composition after +900-degree-C 1-hour annealing in oxygen atmosphere per 650-degree C 
hour was constituted by uniform giobuiar form crystal grain by forming the titanium layer 204 containing oxygen on 
the lower electrode 104. The ** type view of the cross-section structure of a piezoelectric film 105 where the 
titanium layer 204 containing oxygen was formed on the lower electrode 104 at drawing 5 (a) is shown. It turns out 
that the piezoelectric film 105 is constituted by the uniform globular form crystal grain 501. On the other hand, as the 
** type view of the cross-section structure of the piezoelectric film 105 in case there is no titanium layer 204 
containing oxygen was shown in drawing 5 (b), about 5000A of pillar-shaped crystal grain 502 was formed upwards 
from the interface with the lower electrode 104. and the globular form crystal grain 501 was formed in the upper part. 
To the latter having been 150 pC/N. the piezo-electric distortion constant d31 became large with 170 pC/N, and, as 
for the former, its fluid injection property at the time of using the former also improved. Therefore, by forming the 
titanium layer 204 containing oxygen, the cross-section structure of a piezoelectric film 105 came to be constituted 
by uniform globular form crystal grain, and probably for this reason, the piezo-electric distortion constant d31 became 
large, and it appeared to the effect which was not considered at the beginning that a fluid injection property also 
improves. 

[0037] (Example 2) Drawing 6 is the cross section of the substrate in which the piezoelectric device and the liquid 
room were formed in the fluid injection head which used the zirconium oxide for the diaphragm 103 in the example of 
this invention. In this drawing, the same sign as drawing 1 expresses the same thing as drawing 1 . 
[0038] Although the manufacture method of the fluid injection head of this example is almost the same as what is 
shown in an example 1 If a different point from it is shown concretely hereafter, after forming the oxidization silicon 
layer 201 in both sides of the 1st substrate 101 by the single crystal silicon of a field direction (110), Patterning of 
the ****** silicon layer 201 is performed, and this opening and the oxidization silicon layer of the field of an opposite 
side are removed at the same time it forms opening for forming the liquid room 102. The diaphragm 103 by the 
zirconium oxide is formed by forming and oxidizing a metal zirconium thermally to the field which removed the 
oxidization silicon layer on the whole surface. 

[0039] The diaphragm by the zirconium oxide has large Young's modulus compared with what is depended on the 
aforementioned silicon. Therefore, the deformation and developed pressure of a diaphragm 103 on the liquid room 102 
when impressing the same voltage as a piezoelectric Film have a large direction at the time of using a zirconium oxide 
for a diaphragm, therefore it is [ a fluid injection property ] good. 

[0040] The stabilized zirconia and further by which not only the usual zirconium oxide (zirconia) but the yttrium etc. 
was added as a material of a diaphragm 103 may use an alumina, alumimium nitride, a zirconium nitride, etc., and may 
form a diaphragm 103 by those laminated structures. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective diagram of the fluid injection head in the example of this invention. 

[Drawing 2] The cross section showing the manufacturing process in the example of this invention until it forms a 

piezoelectric device and a liquid room in the 1st substrate 101. 

[Drawing 3] The conceptual diagram of the mounting structure of the fluid injection head in the example of this 
invention. 

[Drawing 4] (a) is a plan in the example of this invention in the fluid injection head which formed the nozzle in the 2nd 
substrate 107. (b) is the cross section. 

[Drawing 5] The ** type view of the cross-section structure of the piezoelectric film 105 in the example of this 
invention. 

[Drawing 6] The cross section of the substrate in the fluid injection head which used the zirconium oxide for the 
diaphragm 103 in which the piezoelectric device and the liquid room were formed in the example of this invention, 
[Description of Notations] 

101 1st Substrate (Single Crystal Silicon Substrate) 

102 Liquid Room 

103 Diaphragm 

104 Lower Electrode 

105 Piezoelectric Film 

106 Upper Electrode 

107 2nd Substrate 

108 Liquid Passage 

109 Nozzle 

203 Tantalum Layer Containing Oxygen 

204 Titanium Layer Containing Oxygen 
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